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a  b  s  t  r  a  c  t
Tropical  forest  conversion  to agricultural  land  leads  to a strong  decrease  of soil organic  carbon  (SOC)
stocks.  While  the  decrease  of the  soil  C sequestration  function  is  easy  to measure,  the  impacts  of SOC
losses  on  soil fertility  remain  unclear.  Especially  the  assessment  of  the sensitivity  of other  fertility  indi-
cators as related  to  ecosystem  services  suffers  from  a  lack of  clear  methodology.  We  developed  a new
approach  to assess  the sensitivity  of  soil  fertility  indicators  and  tested  it  on  biological  and  chemical  soil
properties  affected  by rainforest  conversion  to plantations.  The  approach  is based  on  (non-)linear  regres-
sions  between  SOC  losses  and  fertility  indicators  normalized  to their level  in  a  natural  ecosystem.  Biotic
indicators  (basal  respiration,  microbial  biomass,  acid phosphatase),  labile  SOC  pools  (dissolved  organic
carbon and  light  fraction)  and  nutrients  (total  N and  available  P) were  measured  in Ah horizons  from  rain-
forests,  jungle  rubber,  rubber  (Hevea  brasiliensis)  and oil  palm  (Elaeis  guineensis)  plantations  located  on
Sumatra.  The  negative  impact  of land-use  changes  on all measured  indicators  increased  in  the  following
sequence:  forest  < jungle  rubber  < rubber  < oil palm.  The  basal  respiration,  microbial  biomass  and  nutri-
ents  were  resistant  to SOC  losses,  whereas  the  light  fraction  was  lost  stronger  than  SOC.  Microbial  C use
efﬁciency  was  independent  on land  use.  The  resistance  of  C availability  for  microorganisms  to  SOC  losses
suggests  that  a decrease  of  SOC  quality  was  partly  compensated  by  litter  input  and  a  relative  enrichment
by  nutrients.  However,  the relationship  between  the  basal  respiration  and  SOC  was  non-linear;  i.e. neg-
ative  impact  on microbial  activity  strongly  increased  with  SOC  losses.  Therefore,  a  small  decrease  of  C
content  under  oil palm  compared  to rubber  plantations  yielded  a strong  drop  in microbial  activity.  Con-
sequently,  management  practices  mitigating  SOC  losses  in oil  palm  plantations  would  strongly  increase
soil  fertility  and ecosystem  stability.  We  conclude  that  the  new  approach  enables  quantitatively  assessing
the  sensitivity  and resistance  of diverse  soil functions  to land-use  changes  and  can  thus  be used  to assess
resilience  of  agroecosystems  with  various  use intensities.
© 2016  Elsevier  Ltd. All  rights  reserved.
Abbreviations: Cmic, microbial biomass; BasResp, basal respiration; Phos, acid
phosphatase activity; SOC, soil organic carbon; LF, light fraction of SOC.
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1. Introduction
The increase of agricultural land area in the tropics is ongo-
ing mainly at the expense of primary and secondary forests (Gibbs
et al., 2010). While tropical deforestation rates are tending to stabi-
lize or to decrease in regions like Brazil, they are still increasing in
Indonesia, driven by the international demand for wood-derived
products as well as for agricultural land for oil palm and rub-
ber plantations (Abood et al., 2015; Margono et al., 2014). Forest
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